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$Re\equiv Uh/v=400$
$(L_{x}/h, L_{z}/h)=(1.755\pi, 1.2\pi)$ (Hamilton et al.
1995)
(Kawahara & Kida 2001). 1
(Kawahara 2005; Kawahara & Kida 2005),
2 1 (Kawahara 2005).
$(u, v, w)(x, y, z)=(u, v, -w)(x+L_{x}/2, y, -z)$ ,
$(u, v, w)(x, y, z)=(-u, -v, w)(-x, -y, z+L_{z}/2)$ (Kawahara 2005; Kawahara &
Kida 2005).
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(Itano& Toh 2001). 1
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Figure 1. Two- and three-dimensional projections of the homoclinic orbit: (a) the projec-
tion onto energy input and dissipation rate, normalized by their value in laminar flow; (b)
close-up of the periodic orbit with the homoclinic. In (a) the PDF of turbulence is shown
in gray scale. The labels correspond to the snap shots in Figure 2. In (b) the black and
the gray arrow denote the projected unstable eigenspace and the projected least stable
eigenspace, respectively. On the axes are the normalized energy input and dissipation




Figure 2. Visualization of flow structures in one periodic box $L\cross W\cross H$ in six phases
on the homoclinic orbit, labeled as in Figure 1. In each phase the structures are viewed
in two distinct directions. Gray corrugated isosurfaces of the null streamwise $(x)$ velocity
represent streamwise streaks. Black isosurfaces at $0.2(U/h)^{2}$ for the second invariant of a
velocity gradient tensor are shown to visualize streamwise vortex tubes. Near-wall gray
isosurfaces show the local energy dissipation rate at 20 times the corresponding laminar
value. In the mid plane $x=L_{x}/2$ the cross-stream velocity is shown, related to that at
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Figure 3. Temporal variation of energy-dissipation $\epsilon_{frac}$ (solid curve) and volume $V_{frac}$
(dashed curve) fractions in the high-dissipation region bounded by the near-wall gray
surfaces in Figure 2, with phases a-f as in that figure. Time $t$ is normalized with the
period of the periodic orbit. Thin lines represent the homoclinic orbit while thick ones
denote corresponding data for the spontaneous bursting segment.
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Figure 4. Comparison of streamwise-velocity profiles, averaged over time and wall-parallel
directions. Symbols represent the time average of the honoclinic orbit while lines denote
those of the turbulent orbits. The thick line is the average along a long turbulent orbit.
The bursting (thin line) and homoclinic profiles are averaged along the part of the orbit
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